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Abstract 



I We discuss the possibility of determining the parity of the 8"'" baryon from photoproduction 7iV KQ'^ 

■ process near threshold. We utilize the conservation laws of parity and angular momentum for the analysis of 
angular distributions and spin observables near threshold. Since the discussion is in essence a partial wave 

^ ' analysis of the production mechanism the result should be less dependent on the model parameters. Our 

, analysis shows that the angular distribution and photon polarization asymmetry for the process of neutron 
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target are sensitive to the parity of the 0+, but not for the case of proton target. In the case of proton 



■ target, the polarization asymmetries of target and recoiled are preferred for parity determination. 
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I. INTRODUCTION 

Experimental evidences for the pentaquark G"'"(1540) P| have been debated since the first 
claim of observing the narrow peak in the LEPS collaboration at SPring-8 3|- In a sequence of 
the following experiments, more than 10 experiments reported affirmative results on the existence 
of the |j|. However, many other experiments, in particular, those performed using e^e~ 

processes and high energy proton beams could not support the existence of 0"*" 0|. Recent report 
from the CLAS collaboration in the gu experiment a| is especially disturbing since it refutes the 
earlier SAPHIR experiment P]- Nevertheless, the existence of the pentaquark 0"*" has not yet been 
ruled out [ijEl due to the limited experimental factors such as low statistics, uncertainty in the 
background effect, and the specific cuts in angle for data analysis. We think that more refined 
experiments are crucial to resolve this debate and further analyses on the G"*" system would be 
worthwhile till the debate is resolved. 

In theoretical side, it is crucial to determine the parity of the because the parity is a decisive 
quantum number to understand its substructure with strangeness S = +1 P. llol|. In Ref. 11| 



and in subsequent works [l^ . \\\ . the conservation laws were applied to give strong constraints 
on the parity and angular momentum of the initial pp state in the polarized process pp T,'^Q~^ 
near threshold. These works claimed that the parity of the O"*" can be clearly determined by 
the Fermi statistics of a two-nucleon system. Also, Ref. suggested that the parity of the 
0+ can be determined model-independently by observing the polarization asymmetries based on 
the reflection symmetry in the polarized process of -fN ^ K@+. In addition, Refs. Q Q, Q 
proposed to use a polarized photon beam for the process KQ^ to determine the G"*" parity 

model-independently. These works emphasize that the polarization observables are important tools 
to determine the G^ parity. 

In this work, we discuss a possibility that the conservation laws of parity and angular momentum 
for the unpolarized observable can also be exploited to determine the parity of the G^ in the 
photoproduction process, if the photon energy lies near threshold. We present in detail the role 
of parity and angular momentum conservation on the process — > KQ^ and show that it is 
possible to describe the amplitude of the process near threshold from first principles with the 
threshold kinematics. As a result, the two assumed states of the G"*" corresponding to each parity 
can be distinguished from each other by analyzing simply the angular distribution of the unpolarized 
photoproduction process. In the same line of reasoning we can also extend this sort of analysis to 
the polarized process and make a prediction for the polarization asymmetries of the photon beam 
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(or of the target) and the recoiled Q"*". Similar type of analysis for the photoproduction process 
has already been applied to pion photo and electroproduction processes near threshold [l^. 11^. I20I . 
The analogy of the charge coupling structures between the processes jn — > K^Q^^jp — > K^Q^) 
and jn TT~p{'yp n^p) is useful for our analysis. 

For explicit quantitative predictions, we present numerical results of the angular distribution 
and single polarization asymmetries using the hadron model in Ref. j21,]. The model dependence 
in this case, however, can be minimized near threshold because the conservation laws can be 
implemented only to the lower states of angular momentum available near threshold. 

In Section 2, we present our reasoning for the difference in the angular distribution depending 
on the parity of the 0"*" rather than total cross section. The conservation laws of parity and angular 
momentum are applied for identifying the leading multipole in the photoproduction of the positive 
and negative parity of the 0"*". The CGLN amplitudes based on the threshold kinematics are also 
used for discussing consistency of our description. Numerical estimations follow for illustration. 
Section 3 is devoted to the analysis of the angular distribution and single polarization observables 
with respect to the parity of Q'^. Summary and discussion follow in Section 4. 



II. CONSERVATION LAWS AND THRESHOLD KINEMATICS 

Before we proceed to analyze the angular distribution of KQ~^ based on the conservation 

laws of the parity and angular momentum, we first start with a summary of our reasoning why the 
total cross sections alone may not be so effective in determining the parity. 

Fig. n shows the cross sections for jN KQ^ obtained from our previous work 



21| with 



22l |. Following 



the coupling constant gKNB taken from the width Tq = 1 MeV for both parities 
Refs. Qi Oil the coupling constant K* and subsequently that of Ki have been updated 
as gK*NB = V^dKNe for the positive parity, and gx-NO = -^dKNe ^^i the negative parity of 
the 0^, respectively. The tensor coupling constants of the K* and Ki are also neglected to 
avoid unnecessary complication in our analysis near threshold. The coupling constants used in the 
calculation are listed in Tabled 

While the reanalysis of the SAPHIR data lowered the magnitude of the total cross section of 
7P K^Q^ from initially 300 nb to around 50 nb, the most recent analysis from the CLAS 
collaboration reported even further reduction with an upper bound of 1 ~ 4 nb at most 6]. As can 
be seen in Fig. ^ our total cross section of the "yp K^Q^ process for the case of negative parity 
0'''(Fig. njd)) seems now to agree with the recent CLAS analysis. However, our total cross section 
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TABLE I: Coupling constants used in the calculation for 7A if 8+. Fe+^TVK = 1 MeV taken for gxNQ 
of the 8+(^*) [2^. Superscripts a, b, c and d in the last column of References denote "the assumption 



J-JC* WA(1405) 



''PDG !26l|, "jp K+A .27] with assumption 



^K* JVA(1116) 



for e+(i+) and 



Gk 



A'l AfA(1116) 



'ft:iiVA(1405 



^ for e+(i ) with GK'{Ki)ip_= gK'(Ki}K-/9K*{Ki)NY, and "^Tk^Kp = 37.8 MeV with Vector 
Meson Dominance gKiK-y = j-gKiKp |28j. Values in the parenthesis denote 771 —i- K^Q^{'jp ^*'9+) 
respectively. 





Positive parity 


Negative parity 


References 


gKN0 


0.984 


0.137 




9K'Ne 
gK'Kj 


±1.704 
0.254(0.388) 


±0.08 
0.254(0.388) 




gKiNQ 

gKiKj 


T 0.09(0.138) 
0.6 


T0.048(0.074) 
0.6 


Gk* NA(lllG) QC 

GkiNA{1116) 

Gk* NA(1405) ^, g yc 

Gk-iNA{14Q5) 

d 

dKiKp 



can change to agree with the SAPHIR data (50 nb) if the decay width Tq = 5 MeV is taken as in 
the case of earher analysis. Moreover, the CLAS measurements and the SPringS measurements 
have been exclusive to each other in the sense that the SPringS measurements were limited only to 
the forward direction of the produced particles but the CLAS measurements excluded this forward 
direction entirely. Therefore, although our results for the photoproduction of the negative parity 
0"*" using the proton target are consistent with the most recent CLAS data, a definite conclusion 
from the total cross section cannot be made until the improvement is made to match kinematic 
regions between the two facilities. 

It is, thus, necessary to go beyond the total cross sections and investigate angular distributions 
and possibly other observables for discriminating the 0"^ parity j2ll |. Although the hadron model 
involves several unknown parameters, we expect that such model dependence can be minimized 
in the analysis near threshold because only the lower angular momentum states are available and 



thus it is rather easy to implement the first principle conservation laws 



In the threshold region it is legitimate to assume that the angular momentum of kaon is / = or 



1 in the final KQ'^ state, because a typical hadronic scale R is one fermi and ~ ^/UT+Y) < 2 
up to a few hundred MeV/c of the kaon momentum |q| in the center of mass(CM) frame. The 
angular momentum of the final state is therefore either J = ^ or |. The parity of the final state is 
given by (—1)'+-'^ for the positive parity of the 6+(^^), and by (—1)' for the negative parity of the 
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FIG. 1: Total cross sections of the ^0+ in the PV coupHng scheme. Panels (a) and (b) ((c) 

and (d)) are for e+(i^) (e+(i")). The solid lines are the contributions of the Born terms with gxNe = 
0.984(0.137) and qk'NQ = 0, QKiNQ = 0. The dotted lines are the sum of the Born terms and K* 
contribution with gx'Ne = 1.704(0.08). The dot-dashed lines are the sum of the Born terms and K* with 
gx'Ne ~ — 1.704(— 0.08). The dashed lines are the sum of the Born terms, K* and Ki contributions with 
9K'Ne = 1.704, gK.NB = -0.09(-0.138) for jn ^ K-e+{-/p ^ K''e+) for e+(i+) and gA-we = 0.08, 
gx^NO = -0.048(-0.074) for 771 ^ A'-e+(7p ^ K°e+) for e+(i"). The dot-dot-dashed lines are 
the sum of the Born terms, K* and Ki contributions with gK-NB = —1-704, gKiNO = -t-0.09(-|-0.138) 
for 771 ^ K-e+{jp K"Q+) for e+(i^) and gx-Ne = -0.08, gx^Ne = +0.048(-|-0.074) for jn ^ 
K-Q+{-fp K°e+) for e+(i"). 



0+(^ ). The angular momentum of the initial state is given by J = |L it where L is the 
total orbital angular momentum of the photon jjj]. For transverse photon, the parity of the initial 
state can have either (—1)^ for electric, or (—1)^+^ for magnetic states of the photon [l^ . 
Then, from the conservation of parity and angular momentum, only s- and p-waves are allowed, as 
summarized in Table ^ Near threshold, however, the electric transition must be dominant over 
the magnetic transition. Also the lower state of J(i.e., J = ^) must be energetically more accessible 
than the higher state of J(i.e., J = |). Therefore, the dominant transitions near threshold are 
£"0+ for the 0^(|^), and Ei^ for the ), respectively. This would make a clear distinction 

between the two angular distributions for the 7A^ — > KQ^ process, depending on the parity. 
In this work we show that this expectation generally holds for the case of 'jn K^Q^, while the 
case of 7p K^@~^ does not share the same features due to the absence of the charge coupling of 



TABLE II: Multipole states for •jN KQ'^. For the transverse photon states, L > 1. The angular 
momentum J = |/ ± i| = |L ± i|. From the parity conservation for 6+(i^) EL : (—1)'^ = (— 1)'+^, 
ML : (-1)^+1 = (-1)'+^ For e+(i") EL : (-1)^ ^ (-1)', ML : (-1)^+1 - (-1)'. 





Positive parity 


Negative parity 


L 


EL (ML) I muhipoles 


EL (ML) I muhipoles 


1 
1 


El ^0+ 
Ml i+ 1 Mi_ 


Ml Mo+ 
El 1 Ei^ 


1 
2 


Ml 1+ 1 Mi+ 
E2 1+ 1 Ei+ 


El 1" 1 £^1+ 
M2 1" 1 Mi+ 



photon to neutral K meson. 



A. Consistency with CGLN AmpUtudes 



To check the consistency of our description, let us now expand the photoproduction current in 
terms of CGLN amplitudes In the case of 0^(i^), the CGLN expansion is given by 



• e;^ = icT ■ e\ + F2 cr ■ qa ■ {k x ix) + -^3*" icr ■ kq ■ ix + ia ■ q q ■ ex, 



(1) 



where k and q are unit vectors of photon and kaon three momenta, respectively, and e;^ is the 
photon polarization vector with the polarization A. Likewise, the expansion of photoproduction 
current for the ) is given by 



J ■ €x = F^ ia ■ {k X ix) + F2 a ■ qa ■ ex + F^ ia ■ {q x k) q ■ ex + F^ q ■ 



(2) 



Here and in what follows, the superscripts it stand for the two possible parities of the . The 
CGLN amplitudes in Eqs. (0) and (HJ are given by 



^ Air ^ 
k\\q\ 



Af±-{W^ M)A^ ± ^''^ Ai 
1 2^ ^ ' ^ W±M ^ 



k\\q\ 
in 



N± 



{W - M)Af - Af 



(W + M)Af + Af 



iW + M)k-q 
{E + M){Ee + Me) 



A- 



W -M 



(3) 



with the normalization constants N± = ^^^^^^ ■ 
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We now note that, regardless of any model descriptions for Af, essentially the knowledge of 
the kinematics near threshold enables us to determine which amplitude in the CGLN expansion of 
Eqs.(^ and @ gives the leading contribution to the currents J^. First, the amplitudes and 
in Eq.(^ are substantially suppressed near threshold due to the kinematic constant N^. Therefore, 
the current given by Eq.(^ near threshold can be written as • e;^ ~ F^ ia • e\ + F^ ia kq - e\. 
Similarly, the amplitudes F2 and F^ are negligible near threshold by the same reason and thus 
the current in Eq.© can be given by ■ e\ ~ F^ ia ■ {k x e\) + F^ q ■ ex- 

For the case of the Q~^{^^), it is apparent that near threshold the F^ ia ■ ix is dominant over 
the Fr^ ia ■ k q ■ ex due to the dominance of the electric transition over the magnetic transition 
near threshold, viz., L = 1 in Table Hll Note that the ia ■ ex term governs the s-wave multipole 
of outgoing kaon via electric transition while the ia ■ kq ■ ex term does the p-wave multipole 
via magnetic transition. For the ), however, there is a turnover between the electric and 

magnetic transitions according to the change of the positive parity of the 0^ to the negative one, as 
shown in Table ITll The ia- {k X e;^) term governs the s-wave multipole via magnetic transition, while 
the q ■ ix does the p-wave one via electric transition. Thus, in identifying the leading multipole in 
the CGLN amplitudes for the case of ©^(^ ), there is a subtle difference between the K^Q^ 
and "fp K^Q^ processes^. Although one expects that F^q- ex be dominant over F^ia - {k X e;^) 
on account of the dominance of the electric transition over the magnetic transition near threshold, 
this is fulfilled only in the — > K^Q^ of the negative parity 0+ but not in the 7p K^Q'^ . 
In case of the latter process, both the s-wave multipoles, F^ ia - ix and F^ia - {k X e^), are the 
leading ones to both cases of the 0^ parities near threshold due to the absence of the t-channel 
kaon exchange from the neutralness of K^- The electric transition governed by the F^q - ix term, 
thus, cannot play a dominant role in the case of the K^Q^ process. On the other hand, one 

also needs to take into account the fact that F^ia - (k X i\) is suppressed and becomes smaller 
than F7q ■ ix near threshold in the case of — > K^Q^ 



3C, 



3ll ] . Such a suppression of magnetic 



transition near threshold in the case of F-^ ia - (k X ix) can be checked by its kinematic factor 



^ It is, of course, true that at threshold _E-y = 1.75 GeV where \q\ = exactly only the s-wave multipole survives 
in any cases llSl Il6||. Note that, however, the energy region we are concerned with is the region, slightly above 
threshold, Ej = 1.8 GeV which allows the nonvanishing kaon momentum. Therefore in this region the magnetic 
dipole transition by small kaon momentum is dominated by the electric one. 
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of ^, which makes by an order of magnitude smaher than , even compared with the 

positive parity in the same process. 

Summarizing above, we thus identify the leading contribution to the currents in Eqs.(^ and (j^J 

as, 

J+ • eA ~ F^ icr-ex, 

J~ ex^ F^ q ix, (4) 

n 

for ^ K 0"*" jl2,] and 

J+ • eA ~ F^ icr-ex, 

J" • eA ~ Ff icT • (fc X ex) , (5) 

for 7p K^Q~^ respectively near threshold. These observations are consistent with our 
previous discussion based on the conservation laws listed in Table ^ 



B. Numerical Check 



For numerical illustration, we estimate the dependence of CGLN amplitudes F^ on the energy 
and angle using the hadron model in Ref. [2^ with coupling constants given in Table and the 
invariant amplitudes Af of the pseudovector(PV) coupling scheme given by 

Fi(s)(i(l+T3)+K^ 



egKNB 



M2 



+ 



F2{u){l±Ke) 
U-MI + iVeMe 



Me ± M 



m 



F3it){M ± Me)AK* 



^2 



X{u - Mg + iTeMe) 



T3, 



^4 



S-M2 M 
egKNeF2{u) 



m 



u-M^ + iVeMe Me 



m 

+ ^Fs{t)AK* T ^Fs{t)AK, . 



m 



m 



(6) 



The nonrelativistic reduction of the vertex KNQ^{'^ ) in the CM frame yields, 



Vkns ~ 



eg 



Me - M 



u{p')e/a{p) = 



eg 



Mb - M 



-NN'- 



\k\ 



E + M 



x'iT ■ (fc X ex)x + - 



with N{N') the normalization constant of initial(final) Dirac spinor. At the photon energy Ej=1.8 GeV in the 



lab. frame, the kinematic factor 



E+M 



0.37 in the CM frame. 
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Here Fi{s) and F2{u) are hadronic form factors in the s- and u-channel, respectively, F is a 
subtraction function to restore gauge invariance of the process and F^^t) is the vertex form factor 
for the t-channel meson exchanges including K* and Ki. In Eq. the anomalous magnetic 
moments of proton and neutron are Kp = 1.79 and k;„ = —1.91, respectively. Also the factor X in 
Eq. (inj is given hy X = (s — M^) for 7p — > K^Q^, and X = {t — m?^) for 771 K^Q^, respectively. 
Since our calculations show that the results near threshold are not quite sensitive to the value of the 

anomalous magnetic moment, we take kq = for simplicity. For K* and Ki exchanges in the t- 
channel, the coupling constants are Gy* = g-yKK*9K*Ne and Gy^ = g'yKKidKiNe with a parameter 
of mass dimension, m and the propagators, Ax*(Ki) = [i ~ ^'k*(Ki) ~^ '''^k*{Ki)^k*(Ki)]~^ 2iI |. 

Figs. |21and|31show the results of the CGLN amplitudes in Eq.© with gK*N0 = and qkiNB = 
0. Addition of the K* and Ki contributions to Eq.© cannot alter significantly the leading order 
amplitude among F^^s as shown in the figures at = 1.8 GeV. In Fig. |21 the features of 
7n K~Q^ at E^ = 1.8 GeV are represented as a dominance of F^ in the 0"^(^''') an d Fr in the 
), respectively (see the similar conclusion on the jn K~@^ process in Ref. Note 
that Fig. [21 reproduces the suppression of F^ by an order of magnitude in comparison with F^ . In 
Fig. IHlone can see that F^ and F[' are the leading amplitudes at -E^ = 1.8 GeV to the jp K^Q~^ 
process. Therefore, in the threshold region, these figures seem to support our discussions given 
above, although estimated by the model-dependent calculation. 

Before closing this section it is worth noting that Ref. also discussed contributions of partial 
waves in determining the 0"*" parity from the 7A^ — > KQ~^ process. 



However, since they did not consider a suppression by a kinematical factor such as -^qr^g- ~ 0.37 
which is important in the analysis of the 771 K^Q^ process near threshold, they started with the 
s-wave amplitude common to both parities of the Thus, they need to observe spin observables 
more than single and double polarizations instead of the unpolarized ones, or to use a depolarization 
tensor component for relating the spin observables with unpolarized cross sections for the model- 
independent analysis. This makes their results different from ours in the case of 'jn K^Q^. 
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FIG. 2: (Color online) Angle and energy dependence of the CGLN amplitudes F^^s for the 
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FIG. 3: (Color online) Angle and energy dependence of the amplitudes F^^s for the 0+(i^)((a),(b),(c)) 
and F- for the e+(i")((d),(e),(f)) in the jp K^Q+ . 
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III. PARITY DETERMINATION FROM DIFFERENTIAL CROSS SECTION AND SPIN 
OBSERVABLES 



A. Angular Distribution and Photon polarization asymmetry 

We now analyze the angular distribution. The angular distribution is defined by 



Following the convention given in Ref. |3j|, we choose the photon momentum k in Eqs.(^ and @ 
along the z-axis and take (k x q) as the y-axis normal to the production plane in the CM frame. 
In this coordinate system the current is expressed in terms of the CGLN amplitudes and given as 
i I J± . exf = 1^(6), where 

I+{9) = |F+p + |F2+|2 + 2Re(F+*F2+)cos0 



+ sin^ ( 



+ \Ft\') + Re(F+*F+ - + cose) 



r{e) = |Ff |2 + |F2"|2 + 2Re(Ff F:^)cose 

^1 



+ sin^ ( 



^(|F3-p sin^ e + IF^-I^) - Re(Ff ^^3- - + F^ F, 



cos ( 



(8) 



for each parity of the respectively. 

Figs. and IS] show the results of the angular distribution of Eq.© estimated with coupling 
constants listed in Table. Q The solid lines in the figures are the contributions of the Born terms 
and the notations for other lines are the same as those of Fig. ^ In Fig. |1] the solid lines of 
7?! — > K~Q~^ near threshold, i.e. at =1.8 GeV, show a typical s-wave kaon production of the 
Born terms for and p-wave distribution for ), respectively. These features are quite 

distinctive to each other. Note that these are indeed the consequences already predictable from 
eq.@, regardless of any model calculations for the CGLN amplitude F^ of eq.Q. Furthermore, 
since such contrasting features of 777, K~Q^ are not degraded by the model-dependence espe- 
cially due to the K* and Ki contributions near threshold, i?^ = 1.8 GeV, the angular distribution 
near threshold in the case of 771 K^'Q^ should provide useful informations on the parity of the 
without using a polarized photon beam and/or other polarized observables for that purpose. 
For the process 7p K^Q'^ in Fig. El however, due to the s-wave nature of the currents for 
both parities in eq.©, the angular distributions are expected to be isotropic and therefore are not 
sensitive to the sign of the 0"*" parity. Thus, for the case of 7p K^Q^ we agree with Ref. 
which claims that one should analyze the spin observables to distinguish between the positive and 
negative parity of the 0^. These analyses confirm our earlier discussions. 
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FIG. 4: (Color online) Angular distributions ^ for jn K-Q+ at = 1.8 and 2.5 GeV; (a), (b) for the 
and (c), (d) for the B+(i ). The notations for the curves are the same with those of Fig. 
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FIG. 5: (Color onHne) Angular distributions ^ for K°e+ at = 1.8 and 2.5 GeV; (a), (b) for the 

0+(i^) and (c), (d) for the )• The notations for the curves are the same with those of Fig. 



It is natural to extend our analysis to the photon polarization asymmetry S. The asymmetry 
of photon polarization is defined by the difference between the x and y components of the current 
in the previous coordinate system. Thus the spin observable measures an interference between 
spin- flip and spin non-flip transitions. From eq.(jl} different features depending on the parity of 
the can be expected in the measurement of the S for the jn K~Q^ process. However, 
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the case of 7p — > ^''G'*' is not likely to give a definitive result in the measurement of S again as 
expected from eq. ©. 

In the same coordinate system as before, the photon polarization asymmetry is defined by [3^ 

1 



where the cartesian components of the currents in this frame are given by 

J+ = i[F+ - cos e + F+ sin^ 0)a^ + i sme{F^ + F+ + cos e)a^ , 
J+ = -F+ sin e + i{F+ - F+ cos e)ay , 

for the e+(i+) and 

J- = (F2 + -F4" ) sin 9 + i(Ff + F2 cos 6 - F^ sin^ e)ay , 
J~ = —i{F^ + F2 cos 6')(7^ + iF^ sin ^cr^ , 



(9) 



(10) 



(11) 



for the 0+(i ), respectively. 

With normalization by the angular distribution I{6) = \{JxJx + JyJy), the results of the photon 
polarization asymmetry S are presented in Fig. I^lfor 771 K^Q^ and Fig. [TJfor K^Q'^, re- 

spectively. In short, the nolarization for — > K'fi'^i^^) near threshold can be characterized 
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FIG. 6: (Color online) Polarization asymmetry of photon for 771 — > K 0+ at E-^ — 1.8 and 2.5 GeV; (a), 
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by such contrasting features between ~ and ~ — 1. Note that these contrasting features 
are again the consequences of the conservation of parity and angular momentum plus threshold 
kinematics as discussed before. From Eqs. (|10|) and (jllj) . the leading order contributions of 
and for K^Q^ near threshold lead to ~ iF^a^ and Jy ~ iF^ay for the and 

likewise, J~ ~ F^ sin 61, ~ for the e+(i ), respectively. Thus, S+ can be accounted for 
by the strong cancellation of the spin- flip transition, while S~ ~ — 1 resulted solely from the non- 
flip transition which could arise from the t-channel kaon exchange in the Born terms. Furthermore, 
such a distinction of S between the positive and negative parity of the Q'^ near threshold is not 
much deteriorated by the model-dependent contributions of K* and Ki. Therefore, observation of 
the photon polarization asymmetry S for the process 'jn — > K~Q^ can also be a useful tool for 
determining the parity of the 0"*". 

For the process jp K^Q^, however, due to the dominance of F^ and F^ , the currents 
in Eqs. HlOf) and are approximated as J+ ~ iF^a-x and J+ ~ iF^Oy for the 0+(^^) and 

~ iF^ay, Jy ~ —iF^cTx for @^{\ ), respectively. Therefore, regardless of the parity, the 
polarizations are of the s-wave nature close to threshold and would be ~ 0. In the case of 
the 7p ^"^B"*" process we, thus, agree with Ref. !15] that one needs to measure more polarization 
observables beyond the single polarization S for a distinction between the G^f^"*") and ©"'"(^ )• 



It is worth to give a few remarks on our result in comparison with those of Ref. 
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i],Q 



Zhao 



14 



[l^ and Zhao and Al-Khalili ^3] also carried out analyses of the single and double polarization 
observables of the process "yn K^Q^ with polarized photon beams using a quark potential 
model and examined kinematical and dynamical aspects for the purpose of determining the spin 
and parity of the Although the model in Ref. is different from ours, we found that our 
results are rather close to the results of Ref. ^ in some cases supporting our findings in this 
work, i.e., dominance of the s-wave, and the p-wave nature near threshold depending on the parity 
of the 0"*", respectively. In particular, our result of the photon polarization S is consistent with the 
corresponding result in Ref. [l^ . Note that the sign convention adopted in Ref. is opposite to 
ours due to the redefinition of T^a to Refs. also investigated the photon polarization 

E for the purpose of determining the parity of the G"^. For the model- independent analysis, Ref. 
[l4 | exploited the reflection symmetry of the photoproduction current, which states that the Pauli 
spin structure of is the same as that of J~, and, likewise, the spin structure of Jy as that of 
J~ . As can be seen in Eqs . (|1U|) and our analysis satisfies the same reflection symmetry that 
was presented in Ref. [ij]. If the reflection symmetry is preserved in the threshold region, then, 
the invariance of each component of the current under an interchange of the parity would make 
the determination of the parity obscure just like in the case of jp ^'^0"'" due to the similar 
shape of between the positive and negative parity. In the jp — > K^Q^ process, the symmetric 
relation between the components of J^^y-^ are preserved and thus our result_of not being able to 
distinguish the G"*" parity in this process is consistent with the result of Ref. 



B. Polarization asymmetries of target nucleon and recoiled 0+ 

In the previous section, we have demonstrated that due to the s-wave nature of both parities in 
the case of the 7p K^Q~^, it is difficult to determine the parity of the 0"*' from the measurement 
of angular distribution and photon polarization asymmetry. For a distinction of the G"*" parity 
m the 7p K°G+ process, let us consider the polarization asymmetries of the target nucleon 
and recoiled G^. We expect that these observables are also sensitive to the parity of the G"*" 
because the spin and parity of the initial state is highly correlated with those of the final state 
by the conservation laws. For instance, if the polarization of the in the 7p K^Q^ process 
is measured by the strong decay G"*" — > KN, similar to the measurement of the A*^ polarization 
from the 7p K+hP process in Ref. 34], the decay of outgoing kaon should give different angular 
distributions between the two kinds of G"*" spin-parity = 1/2+ and l/2~ in accordance with 
the partial wave of the KN state either p-, or s-wave multipole. Therefore determination of the 
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parity from these observables could be quite model-independent because such a correlation 
is independent of the dynamical details of the production phenomena. On the other hand, we 
note that the nonresonant Born terms except for the u-channel 0"*" exchange could give little 
contribution since these observables are given by the imaginary part of the reaction amplitudes 
as shown below. Hence, the features of the observables depend pretty much on how one handles 
t-channel K* and Ki exchanges. The informations on the coupling constants of these particles are 
however currently not much available. With these in mind, we proceed to figure out how much 
the observables could be sensitive to the parity of the 0^, in particular in the case of K^Q~^ 
process. 

The polarization asymmetry of the target nucleon is the measurement of the nucleon spin 
polarization in the photoproduction process. It is defined by 

^ da+/dn-da-/dn 

da+/dn + da-/dn' ^ ' 

where the sign +(— ) represents that the spin polarization of the target nucleon is paral- 
lel(antiparallel) to the y-axis which is normal to the plane spanned by the k x q with the photon 
momentum k incident to the z-axis [s^ . In this coordinate system, the target polarization asym- 
metries for each parity of the G"*" are given by the imaginary part of the CGLN amplitudes, 
i.e., 

r+ = Fr F,^ + Ft + Fl + Fr F,^) cos 9 -F.rFl sin' 9], 

T- = j^^lm[F^*F^+F,'*F^cos9 + {F^*F^-Fi*F^)sm'9], (13) 
respectively. 

The polarization asymmetry of the recoiled is defined in the similar fashion, i.e., 

da^+y /dn-da^~y /dn 

~ da(+y/dn + da(-y/dn ' ' 

but the sign (+)'((—)') in this case represents that the spin polarization of the Q'^ is paral- 
lel(antiparallel) to the y'-axis normal to the plane spanned by the direction of fc x q with the 
scattered kaon momentum q directed to the z'-axis |32|- In this coordinate system, the polariza- 
tions are given by the following expressions in terms of CGLN amplitude for each parity of the 
respectively, 

P+ = ^^lm[F+*{2F+ -F+ -F+cos9)-F,+*{F+cos9 +F+)+F+*F+sm'9], 

P- = ^Im[2Ff + F^*F^ + F^* F^ cos9 + {F^* F^ - F^* F^) sin^ 0]. (15) 
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(Color online) Polarization asymmetry of target T for jn ^ K 6+ at Ej — 1.8 and 2.5 GeV; (a), 
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FIG. 9: (Color online) Polarization asymmetry of target T for — > X^O"*" at = 1.8 and 2.5 GeV; (a), 



(b) for the 0+(i^) and (c), (d) for the 0+(i ). The notations for the curves are the same with those of 
Fig.El 



We present the results of the target polarization T in Fig. IHlfor 771 K^Q^ and in Fig. IHl 
for 7p K^Q~^ , respectively. For the polarization asymmetry P, we show the results in Figs. El 
and ^2 for 771 — > K^Q^ and 7p — > K^Q~^, respectively. In these figures, we see that the given 
expressions in Eqs. (|lHj) and (|15|) provide general rules for T and P similar to S, i.e., they are 
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FIG. 11: (Color online) Polarization asymmetry of recoiled 8+ P for jp — > K'^Q^ at E'-, = 1.8 and 2.5 GeV; 
(a), (b) for the 8+(i^) and (c), (d) for the 8+(i ). The notations for the curves are the same with those 
of Fig. H] 



identical to zero at 9 = 0° and 180° due to the dependence on the gross factor of sinO. Moreover, 
as the CGLN amplitudes of the K* and Ki given by eqs. Q and © do not depend on the 
angle significantly near threshold, the features of these observables at = 1.8 GeV exhibit the 
predominating sin 9 behavior with their signs reversed depending on the signs of the K* and Ki 
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coupling constants. As shown in Figs. |H1 and IHl it is interesting to see that the sign of target 
polarization T becomes opposite to each other whenever the parity of G"^ is changed, and this 
feature is common to both processes 7n K^Q^ and 7p — > K^Q^. Furthermore, as shown 
in Figs. ^1 and 1111 the 0^ polarization P also shows the pattern very similar to the case of 
polarization T. Thus, we find that the observables T and P are highly sensitive to the 0'*' parity. 
In addition we suppose that the features of the spin observables aforementioned would be less 
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FIG. 12: (Color online) Dependence of polarization asymmetries T and P on the coupling constant gK-'NB 
for 7p ^ K°Q+ at = 1.8 GeV; (a), (b) for the e+(i^) and (c), (d) for the e+(i"). gxNe is fixed in 
any case as given in Tableland contribution of Ki is neglected for simplicity. Note that the notations for 
the curves are completely different from those in Figs. |Hl-^2 The solid lines(the dotted lines of Figs. Inland 
lllfl are the sum of the 0+ pole term and K* exchange with coupling constants given in Table n Other lines 
correspond to the cases when the K* coupling constant in the solid line increases, or decrease its value by 
30% as denoted by the legend in this figure. 

dependent on the K* and Ki coupling constants near threshold, because they are, by definition, 
given by the ratios normalized by differential cross section. This point should be clarified, however. 
In order to see the model-dependence of the T and P on the coupling constants of vector mesons, we 
reproduce these observables by changing the coupling constants Qk^nb^ and gxiNB by an amount 
of 30% increase or decrease. The results are shown in Figs. 1121 and [T^ As a reference, the solid 
line is presented in the figure with coupling constants qkno = 0.984(0.137), gK*NB = 1-704(0.08) 
fixed from Table d Other lines correspond to the cases when the coupling constant of the K* is 
changed by 30% larger, or smaller than the solid line. Since the role of Ki by such a change is 
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FIG. 13: (Color online) Dependence of polarization asymmetries T and P on the coupling constant qk-'NG 
for 7^ -> K-Q+ at = 1.8 GeV; (a), (b) for the e+(i+) and (c), (d) for the e+(i"). gKNS is fixed in 
any case as given in Table HI and contribution of Ki is neglected for simplicity. The solid lines (the dotted 
lines of Figs. ISland irUll are the sum of the 0+ pole term and K* exchange with coupling constants given in 
Table m Other lines correspond to the cases when the K* coupling constant in the solid line increases, or 
decrease its value by 30% as denoted by the legend in Fig. El above. The notations for the curves are the 
same with those of Fig. [El 

not significant, the contribution of Ki is neglected in the figures for simplicity. As can be seen in 
the figures, the change of K* coupling constant will not alter the contrasting features between the 
positive and negative parity of the Q'^ . Thus, the decisive features of the spin observables T and 
P are not affected significantly by the uncertainty of the qk'NQ- Conclusively, the measurement 
of spin observables T and P can help determine the parity of the in the future experiment 
especially from the jp — > K^Q~^ process, which is more accessible than the neutron target. 



IV. SUMMARY AND DISCUSSION 



In this work, we have analyzed the unpolarized angular distribution and single polarization 
observables for the KQ^ process. Our analysis illustrates that the amplitude of "yn 

K~Q^ near threshold is characterized by the dominance of the s-wave (p-wave) multipole for 
the positive (negative) parity of the 0"^. For the "yn K~Q^ process, therefore, measurements 
of unpolarized angular distribution and photon polarization asymmetry can be utilized for the 
determination of the 0"^ parity. However, the situation becomes quite different in the case of 
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process because the direct coupling of photon to neutral K meson is absent. Due to 
the s-wave nature common to both parities of the 0"*", measurements of such observables for 'jp 
^00+ jjg^j. threshold are not so effective to reveal a distinction between the two opposite parities of 
the Q'^. As usual in physical processes, the symmetry and the dynamics are strongly correlated to 
each other in the case of these observables. Taking into account the threshold kinematics of CGLN 
amplitude, we further confirm that the features of angular distribution and photon polarization 
asymmetry near threshold are natural consequences of the first principle conservation laws of parity 
and angular momentum. For determination of the parity using the jp K^Q^ process, we 
investigated the polarization asymmetries of target and recoiled and found out that these 
observables could serve for such purpose. The measurement of the spin-dependent observables 
near threshold should be encouraged, with special emphasis placed on the conservation laws and 
the threshold kinematics for model-independent determination of the 0+ parity. 
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